Objectives-To study mortality patterns in the largest existing cohort of painters. (Occup Environ Med 1999;56:315-321) 
There are about 700 000 painters in the United States (Rick Hackney, International Brotherhood of Painters and Allied Trades, personal communication). In a 1989 monograph, 1 the International Agency for Research on Cancer (IARC) determined that painting as an occupation was a definite (class I) cause of cancer. Lung cancer was most strongly and consistently associated with painting, but excesses were also noted for oesophageal, stomach, and bladder cancer. The primary basis for the judgement of the IARC was three large cohort studies of painters, from the United States, 2 Denmark, 3 and Sweden, 4 although several case-control studies provided supporting evidence. The excess of lung cancer was judged to be about 40% and to be beyond what might be expected due to possible confounding by smoking.
Since the IARC review in 1989, there have been a few small cohort studies of painters and many case-control studies of various sites in which positive findings were reported for painters. These studies have tended to support the original findings of excess lung cancer and stomach cancer, to provide additional evidence of excess bladder cancer, excess of haematopoietic cancers (especially myeloma 5 6 and nonHodgkin's lymphoma 7 8 ), and excess upper respiratory cancer. 9−11 Of note among the recent publications on bladder cancer is a large casecontrol study of bladder cancer among white men (2100 cases, 116 of whom were painters) in the United States 12 in which an odds ratio (95% confidence interval (95% CI)) of 1.5 (1.2 to 2.0) was found for painters after adjustment for smoking, and a meta-analysis of 27 case-control studies on bladder cancer 13 which found an overall relative risk for bladder cancer of 1.48.
There are several known or suspected carcinogens in paint, but known carcinogens have been measured at only a low concentrations or have been present only in certain specialised kinds of painting. Most exposures are airborne, although in some cases dermal exposure may be important. Early in the century, arsenic, a lung carcinogen, was common in paint pigments, but was removed from most paints due to incidents of arsenic poisoning. 14 Turpentine was used before the second world war, and was associated in some reports with kidney dysfunction and contact allergy.
14 Turpentine was later replaced by organic solvents, some of which can cause haematopoietic and perhaps liver cancer, and are common in paints. The main solvents have been petroleum solvents, toluene, xylene, ketones, alcohols, esters, and glycol ethers. Benzene, a known leukaemogen, was used in the past, 1 but has been less common since the 1950s, and often has been present only at low concentrations. Metals in paint pigments include titanium oxide, chromium compounds, and iron compounds; lead was used in the past. Hexavalent chromium is a confirmed lung carcinogen, but airborne concentrations of hexavalent chromium are and have been low for most painters. There is some evidence that lead may also be associated with lung cancer. However, high exposure to airborne lead has not been a common exposure for most painters, occurring only in construction work in which lead paint was being removed by blasting. Benzidine and other aromatic amines, which can cause bladder cancer, have also been present in some paints, 12 but these are not common or high level exposures. Paint stripping involves exposure to methylene chloride, 15 an animal carcinogen, but many painters do not perform this operation. Polyurethane paint, again not a common exposure for most painters, involves exposure to diisocyanates. There has been an increasing use of water based paints since the 1960s; these paints contain only small amounts of solvents and are thought to be less toxic. 14 16 In summary, although there are several known carcinogens which have been used by painters, most have been used in specialised settings or have resulted in only low levels of exposure. The organic solvents which have been commonly used, resulting in higher exposures, are not known human carcinogens, although some have been shown to cause cancer in animals. Additional research is needed to identify the exposures responsible for the increased cancer risk experienced by painters.
The United States cohort study cited by IARC is the largest existing cohort of painters, and is the subject of this paper. The study population is composed of 56 486 male union members of the International Brotherhood of Painters and Allied Trades (IBPAT). This union is composed primarily of painters, but the members from the allied trades are not painters. The cohort was originally followed up to the end of 1979, and included 5313 deaths.
The findings from the original follow up showed significant excesses among the painters compared with the United States population, for lung cancer (standardised mortality ratio (SMR) 1.18, 95% CI 1.06-1.32) and stomach cancer (1.36, 1.01 to 1.80), and nearly significant excesses for bladder cancer (1.26, 0.90 to 1.72), kidney cancer (1.41, 0.93 to 2.05), and liver cancer (1.56, 0.95 to 2.41). 2 Of the haematopoietic cancers, only leukaemias were reported (SMR 1.16 , 95% CI 0.82 to 1.16). In a direct comparison of union locals composed of painters compared with other trades, lung cancer, bladder cancer, and leukaemia were significantly higher among the painters (SRRs 1.46, 2.30, and 2.41). However, in the direct comparison liver, stomach, and kidney cancers were no longer significantly increased (SRRs 1.26, 1.17, and 1.29).
We have extended follow up of this cohort by an additional 15 years, to the end of 1994, covering 23 458 deaths, with a goal of evaluating whether the observed cancer excesses have persisted over time.
Methods
The cohort is composed of members of the Painters Union with at least 1 year of union membership who had been born before 1940 and were alive at the end of 1975. Members could have been retired from 1975; retired members were kept on the union roster. No new union members after 1979 were included in the cohort.
Most union members were from local unions (each local union is defined by union members in a small geographical area) composed primarily of painters, but the rest were from other local unions composed primarily of other types of workers. Cohort members were identified from local unions located in four states (New York, Missouri, California, and Texas). Locals were characterised as mixed local composed primarily of painters, and speciality locals composed mainly of other allied trades (note that mixed does not imply a mixture of painters and non-painters, but a mixture of diVerent types of painters). The titles of specialty locals included automobile, industrial, civil, glass, sign, paint, carpet, scenic, wood, paper, drywall, warehouse, and metal workers. The original analysis of this cohort 2 analysed the data separately for the mixed and specialty locals. Further discussion with the Painters Union for the present study, however, led to a determination that the locals entitled industrial, automobile, sign, and scenic were in fact also primarily composed of painters. The industrial painters painted bridges, painted steel in production factories, or painted on construction sites. Automobile, sign, and scenic locals were composed of painters who painted automobiles, signs, or special painting jobs. Hence, members of these locals (n=8029) were added to the mixed locals (n=34 141) and these subjects were all considered to be painters. The remaining specialty locals were confirmed to have been primarily non-painters (n=14 316). Workers in civil locals were government workers often driving trucks, workers in glass locals worked manufacturing glass, workers in paint locals worked paint manufacturing plants (but in fact most of these workers were judged to have had little potential exposure to paint), workers in carpet locals were carpet and tile layers, workers in wood locals were skilled wood finishers, workers in paper locals were paper hangers, workers in drywall locals were drywall finishers, workers in warehouse locals worked in warehouses in paint manufacturing companies or convention halls, whereas workers in metal locals worked installing window frames and other finished metal.
It is clear, however, that this classification of painters and non-painters is not definitive; the speciality locals are likely to have included a few painters, whereas the mixed, industrial, automobile, sign, and scenic locals are likely to likewise have included a few non-painters.
Vital status follow up of this cohort to the end of 1994 was conducted through the Internal Revenue Service, the Health Care Finance Administration, the Post OYce, the Social Security Administration Death Tapes, and the National Death Index. Causes of death were obtained directly from death certificates or from computerised death certificate data for four states (New York, Missouri, California, and Texas) and one city (New York City). Cause of death information was coded with standard coding conventions in the same way for both the observed deaths and the deaths in the United States comparison population. Cause of death information extended to the end of 1994, the study end date. Race was not known for all cohort members. Death certificate data indicated that the overwhelming majority of union members were white (98%), 2 and in the analyses all subjects were considered to be white. About 99% of union members were men, 2 and we restricted our analyses to them.
Mortality analyses consisted of standard life table analyses comparing the mortality of the painters with that of the population of the United States, after stratification of deaths and person-years at risk by potential confounders (age, calendar time). 17 Rates were available for 99 diVerent categories of death. The measure of eVect was the SMR. Also, standardised rate ratios (SRRs) were calculated for several cancer outcomes in a direct comparison between painters and non-painters through Poisson regression. Analyses were conducted for several cancer outcomes by time since first in the union (potential latency). No data were available on duration of union membership.
Death certificates include information on other causes of death besides underlying cause. We used this additional information in a multiple cause proportionate mortality analysis of this cohort, in which the observed proportion of deaths with a specific cause mentioned anywhere on the death certificate is compared with the expected proportion based on all United States deaths. 18 Multiple cause of death data were available for 13 928 deaths (62% of all deaths); some computerised data bases-for example, Missouri, New York City for certain years-provided only underlying cause of death, and deaths from these data bases were therefore excluded from multiple cause analyses. The lack of multiple cause death on all deaths in the cohort prohibited a cohort analysis with person-time by multiple cause data; instead we conducted a proportional mortality rate (PMR) analysis on those deaths with multiple cause data, assuming the deaths for which we did have multiple cause data were a representative sample of all deaths. Multiple cause analysis is particularly useful in detecting excesses for causes that are not likely to be listed as the underlying causes, such as chronic but not usually fatal conditions. We conducted this analysis to investigate any possible excess of renal disease on the death certificate, because renal disease has been associated with solvents, 19 although in the one study when data were presented by type of solvent exposure, exposure to solvents in paints was not associated with risk of renal disease. 20 We were also interested in mental disorders, which have sometimes been associated with painters and which are much more common as contributory rather than underlying causes of death. 18 No direct information was available on the smoking habits of study subjects. Indirect information on the smoking habits of painters was available from the 1970s and 1980s from two large surveys. 21 22 Confounding by smoking for lung cancer and bladder cancer was assessed indirectly by a method described by Axelson and Steenland. 23 This method relies on estimates of smoking prevalence among the exposed cohort and the non-exposed population (actual smoking prevalences being unknown), and assumes known relative risks for specific cancers by smoking habit-for example, current, former, never. Expected rate ratios (RRs) due to diVerences in smoking habits can then be calculated and compared with observed RRs. In this adjustment we assumed relative risks for lung cancer of 10, 15, and 20 for smoking <19, 20-39, and >40 cigarettes a day, and a relative risk of 5 for former smokers. Table 1 provides some descriptive statistics for painters and non-painters. The non-painters were generally younger and joined the union later. Both painters and non-painters joined the union rather late in age (mean age 38 and 37, respectively), implying that earlier work in their trade may have been common.
Results
We were unable to determine the current vital status of 7% of the cohort. Person-time for these cohort members ended when they were last known alive, which was generally at the end of the previous follow up in 1979. Cause of death data could not be obtained for 5.1% of the known deaths in the cohort. Assuming that these people are indeed dead, and assuming that their causes of death would be distributed between the specific causes in the same fashion as the deaths with known causes, then our observed SMRs are underestimated by about 5%. The missing causes would not be expected to appreciably aVect internal comparisons of painters with non-painters. Table 2 provides selected SMR results for painters and non-painters. Results are presented for causes of death which were of initial interest or of later interest because they showed a significant increase among either painters or non-painters. Among causes of initial interest are not only the suspected cancer sites but other causes of death possibly related to non-occupational risk factors-for example, non-malignant respiratory disease and smoking.
The results in table 2 indicate that painters have significant excesses of lung, stomach, bladder, and liver cancer compared with the United States population. Non-painters also had a significant excess of stomach cancer, but did not show excesses of other cancers.
Results for non-cancer outcomes indicated a small excesse of non-malignant respiratory diseases among painters, but not among nonpainters. Asbestosis was significantly increased in painters, but not in non-painters, based on 14 deaths. This excess is not surprising given the inclusion in the cohort of construction painters who were likely to have had exposure to asbestos in the past. However, painters did not show excesses of cancer of the peritoneum (SMR 0.60, 95% CI 0.30 to 1.07, 11 deaths) or cancer of other parts of the respiratory system (SMR 1.09, 95% CI 0.60 to 1.77, 15 deaths), sites where mesotheliomas might be expected.
Both painters and non-painters had significant excesses of death from cirrhosis of the liver; the excess was more marked among nonpainters. No corresponding excesses were found for death from alcoholism. Painters, but not non-painters, showed significant excess deaths from suicide and homicide.
Multiple cause analyses indicated a deficit of deaths from both acute and chronic renal disease for painters (PMR 0.77, 0.62 to 0.93, 96 deaths, and PMR 0.93, 0.84 to 1.01, 469 deaths, respectively). The corresponding PMRs for non-painters were also not remarkable (PMRs 1.13, 95% CI 0.78 to 1.60, 32 deaths, and PMR 0.93, 95% CI 0.76 to 1.13, 105 deaths for acute and chronic renal disease, respectively). The multiple cause result for painters for other mental disorders (9th revision of the international classification of diseases (ICD-9) 290-302, 204-319, including dementia, psychoses, delirium, and schizophrenia, was not increased (PMR 0.93, 95% CI 0.84 to 1.02, 397 deaths), as was the case for other diseases of the nervous system and sense organs (ICD-9 320-337, 341-389, including Parkinson's disease, multiple sclerosis, epilepsy, peripheral neuropathies, and disorders of eyes and ears, PMR 0.88, 95% CI 0.81 to 0.96, 516 deaths). Table 3 shows analyses of cancer mortality based on data restricted to >20 years since entering the union (potential latency). These results diVered little from the overall results, as 70% of cancer deaths occurred >20 years after entering the union. Internal comparisons between painters and non-painters were conducted through Poisson regression for cancers which were increased in the external analyses (stomach, lung, liver, and bladder). The results are shown in table 4. Lung and bladder cancer were significantly increased, whereas liver cancer was nonsignificantly increased. The increase for lung cancer was slight when the analysis was restricted to those with >20 years since first joining the union (latency).
With regard to possible confounding of cancer SMRs by smoking, two national surveys indicate that painters have smoked more than the general population. Brackbill et al 21 reported on a national probability sample of painters in 1978-90. Among painters in construction and maintenance (total estimated at 477 000), 48.9% were current smokers, 22.9% were former smokers, and 28.2% were never smokers. The corresponding figures for white men in the entire United States population were 36.3%, 26.1%, and 37.6%. Among painters who currently smoke, 32.4% smoked <20 cigarettes a day, 51.5% smoked 20-39 cigarettes a day, and 16.1% smoked >39 cigarettes a day. The corresponding figures for the entire population of white men were 25.5%, 53.6%, and 20.9%.
Stellman et al 22 reported on 1263 male painters aged 45-70 in the American Cancer Society CPS-II population, surveyed in 1982. The percentage of current, former, and never cigarette smokers are 35.7%, 39.8%, and 24.5%. The corresponding figures for the entire male survey population were 23.2%, 43.6%, and 33.2% (estimated from table  VI   22 ). Amount smoked among current smokers was comparable for painters and the entire population.
With an indirect adjustment for smoking, 23 the data of Brackbill et al suggest that a lung cancer RR of 1.14 for painters versus the national population would be expected based on smoking diVerences alone. With the data from Stellman et al, the estimated RR for lung cancer due to smoking diVerences alone would be 1.16. Similar adjustments for bladder cancer, much more weakly related to smoking, would lead to estimated RRs due to confounding by smoking in the order of 1.05.
The adjustments apply only to comparisons with the national population. Confounding by smoking would be expected to be less important in internal comparisons between painters and non-painters (both groups being blue collar workers), who would be expected to share similar smoking habits.
Discussion
Our results show a significant but modest increase in lung (SMR 1.23, 95% CI 1.17 to 1.29) and bladder cancer (1.23, 95% CI 1.05 to 1.50), with an external (United States) comparison population with follow up to the end of 1994. The corresponding SRRs were 1.23 (95% CI 1.11 to 1.35) and 1.77 (95% CI 1.13 to 2.77), respectively, with an internal (nonpainter) comparison. These increases, although relatively small, are consistent with the publications on painters.
Analyses of lung cancer SMRs among painters by 5-year period showed an increasing trend (SMRs of 1.10 (385 deaths), 1.23 (458 deaths), 1.23 (476 deaths), and 1.38 (427 deaths), for the periods 1975-9, 1980-4, 1985-9, and 1990-4, respectively For lung cancer, smoking diVerences between painters and the United States population may explain part of the lung cancer excess we found for painters, and to a lesser degree may explain part of the excess SMRs for bladder cancer, when the external United States comparison group was used. Indirect adjustments for smoking suggest that diVerences in smoking between the painters in large United States surveys, and the overall United States comparison population, would account for about a 15% excess for lung cancer, and a 5% excess for bladder cancer. Hence, neither the lung nor bladder cancer excess found in this study is likely to be fully explained by smoking, in the light of this adjustment. However, we do not have direct smoking data on our cohort, (1975-1979, 1980-84, 1985-1989, 1990-1994) . †For ICD-9 codes see footnote to table 2.
limiting the usefulness of this kind of indirect adjustment. Such confounding by smoking is less likely to have an eVect on internal comparisons (SRRs) between painters and non-painters, as both are blue collar workers likely to share similar smoking habits. For example, the lung cancer RR of 1.323 comparing painters with nonpainters (both with 20 years potential latency) is unlikely to be explained by confounding by smoking.
The data for other diseases highly related to smoking do not show strong consistently high risks for painters compared with the United States population, also arguing against confounding by smoking. Oesophageal cancer, laryngeal cancer, emphysema, bronchitis, and other non-malignant respiratory disease (primarily chronic obstructive pulmonary disease (COPD)) are all known to have a relative risk of the order of 10 for smokers versus nonsmokers, and would be expected to be increased in our SMR analyses if painters smoked much more heavily than the United States population; the RRs for these outcomes were 1.12, 0.97, 1.13, 1.11, and 1.07 respectively. These results suggest that if there is a confounding eVect by smoking, it is not severe.
The lung cancer excess among painters could also be partly attributable to the use of spackling compounds which formerly contained asbestos, although the level of past exposure to respirable asbestos for painters is not known. The SMR for asbestosis was significantly increased (SMR 4.70). However, only 14 deaths were found due to asbestosis among the 18 989 deaths of painters, which does not indicate widespread exposure to high levels of asbestos. Furthermore, there were no excesses of cancer in sites likely to include mesothelioma (peritoneum, other parts of the respiratory system), another disease caused almost exclusively by asbestos.
A nested case-control study of New York painters and non-painters within our cohort was conducted by other investigators in the early 1980s, 24 based on the earlier follow up of this cohort. This study was based on interviews (primarily with next of kin for cases) collected by posted questionnaires, and was adjusted for smoking. Painters and non-painters had similar smoking habits. A threefold risk of lung cancer was found for being a painter, after adjustment for smoking, which increased for painters who reportedly did not wear respiratory protection. Limitations of these results include a low response rate and the reliability of detailed work history data collected by posted questionnaires from next of kin.
Our data also indicated a modest but significant increase in liver cancer in painters compared with the United States population (SMR 1.25); non-painters did not show such an increase. However, the importance of this finding is lessened because painters did not show an increase in liver cancer in a direct comparison with non-painters, especially in the comparison with >20 years latency where an eVect would be most likely. Also, both painters and non-painters had excesses of cirrhosis, which is associated both with liver cancer and alcohol consumption. Although cirrhosis could conceivably be related to exposure to solvents among painters, the fact that non-painters had a significant increase in cirrhosis compared with the United States population lessens the probability that the excess of cirrhosis among painters is due to an occupational exposure.
Stomach cancer was in excess for both painters and non-painters, compared with the United States population. However, painters did not have an excess of stomach cancer when compared directly with non-painters. The excess of stomach cancer versus the United States population for both painters and nonpainters may be due to non-occupational risk factors-such as diet.
Both painters and non-painters had excesses of death from falls compared with the United States population. It is likely that both these excesses are partly due to occupational factors, given that working in high places is common for both groups.
Painters had modest but significantly higher rates of suicide and homicide than the United States population, but non-painters did not. We have no explanation why this should be, but solvent exposure could possibly play a part. Such an interpretation is speculative. For suicide, there is some published evidence that painters have an increased rate of neuropsychiatric disorders. 25 In summary, the modest excesses of lung and bladder cancers that we have found among painters are consistent with an occupational aetiology and are consistent with the scientific literature. Confounding by smoking may play a part in these excesses, particularly for lung cancer which is highly related to smoking, but any such confounding is unlikely to completely explain these findings. The main weaknesses in our data are the lack of detailed work history and the lack of any specific exposure information; the agents responsible for the cancer excesses found here are unknown (see introduction on this point). Further investigation of these excesses, through nested case-control studies, may be warranted.
